ABSTRACT Drape, one of the most important properties of fabric, has played significant role in providing graceful aesthetic effects in garments. Drapability of textiles is judged subjectively and is dependent on people's skill and experience, which render difficulties during drape comparisons, especially when judged by different people. This work reports the results of a study on predicting the drapability of woven fabric using an artificial neural network. It was established that drapability could be predicted from the mechanical properties of fabric at low-stress.
INTRODUCTION
Earlier research in textile mechanics mainly focused on understanding the relationship between the mechanical properties of fabrics and yarns as well as fabric structures [1] [2] [3] [4] [5] [6] [7] [8] . However, drape is a very important property of fabric particularly from designer point of view as well as end user point of view, as it plays major role in aesthetic appeal of fabric. It is directly related to textile aesthetics, which is important in the development and selection of textile materials in apparel industries and especially for the design of clothes. Drape is the ability of a fabric to fall under its own weight into wavy folds. It plays a significant role in providing graceful aesthetic effects in garments. It is a unique property that allows a fabric to be bent in more than one direction, resulting in a sense of graceful appearance [9] [10] [11] . Fabric drape is the ability of a fabric to deform when suspended under its own weight in specified conditions [12] [13] [14] . Fabric drape along with luster, colour, texture, etc. defines fabric and garment appearance. Drapability of a fabric is the combined effect of several factors such as: stiffness, flexural rigidity, weight, thickness etc. [15] [16] [17] [18] [19] [20] .
Fabric drape refers to the fabric shape or profile when held at the edge. Mechanically speaking, fabric drape is the fabric's response towards gravity due to its own weight. However, fabrics with identical mass can show very diverse drape behaviors as determined by the same mechanical properties defining fabric hand. Therefore, it becomes obvious that fabric hand and drape are interconnected. Any difference in overall fabric hand, or in the individual hand attribute, can be used or interpreted as a difference in fabric drape behavior or fabric formability.
The formability is defined as the product of bending rigidity and low stress extensibility. In fact, formability is a measure of the degree of longitudinal compression sustainable by a fabric in a certain direction before the fabric buckles. This parameter was introduced by Lindberg and has been used by various other workers to assess fabric formability [21] .
Formability shows good correlation with fabric quality appearance. However, as the appearance of a fabric is dependent of so many other attributes, formability alone cannot explain the phenomenon. Studies were also carried out to understand the dependence of fabric quality appearance on weft formability. From the results it is observed that higher weft formability gives better appearance values for worsted fabrics. However, in general the formability in weft direction is lower as compared to the warp. Weft formability also shows a good correlation with the appearance value for most worsted fabrics. It is observed that for all fabric samples, appearance is dominated by the formability. This may be attributed to the fiber characteristics which are responsible for the bending rigidity and low-stress extensibility of the fabrics.
It is found that the formability has highest influence on appearance followed by creasing and drape respectively. Increasing fabric formability and improved appearance are achieved due to improved low-stress mechanical properties [21] [22] . http://www.jeffjournal.org Volume 
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The use of the FAST system as an instrument for measuring low-stress fabric properties to enable them to be correlated with a subjective assessment of drapability is a viable method. The relationships between fabric performance and properties are very difficult to describe quantitatively by traditional mathematical or mechanical means due to the nonlinearity of the parameters and the large number of variables involved.
Therefore, this seems to be an ideal situation for application of the artificial neural network (ANN). Attempts have been made in the last decade to apply the ANN technique to textiles. Ramesh et al. used an ANN to predict yarn tensile properties based on yarn processing and material parameters [23] . Pynckels et al used an ANN to determine the spinning performance of fibres from fibre properties [24] . Cheng et al. predicted the strength of yarns according to their constituent fiber properties [25] . The application of ANN in these areas shows great promise because an ANN can deal with nonlinearity, detect patterns and relationships in the data and interpret information from tens or more variables, which is the case in this research.
ANN algorithms have been also used by many researchers for predicting different kinds of fabric properties. Fabric extensibility was predicted by using artificial neural networks [26] . ANNs were also used to predict the tensile and air permeability of the woven fabrics [27] [28] . Fabric hand was predicted using artificial neural networks by Hui et al. [29] , and Matsudaira [30] .
Drapability is one of the most complex mechanical properties of fabrics and it is essential in many applications of textile fabrics. In this study, an attempt is made to establish a method using ANN's to predict fabric drapability using fabric mechanical properties (particularly formability) measured by the Fabric Assurance by Simple Testing (FAST) [31] [32] 
MATERIALS AND METHODS Experimental Materials
The samples used in this study were medium to heavy-weight woven fabrics of plain and twill weaves currently available in the market.
A total of forty (40) fabric samples were selected randomly from a total of 50 samples that had been chosen for the entire experiment. Details of fabric samples are tabulated in Table I . 
Measuring the Surface Properties of Fabrics
As stated in the introduction, the FAST system is used to measure the surface mechanical properties of fabric and some parameters were derived from these, resulting in eight characteristics of fabric surface. The definitions of the parameters and the statistical values are shown in Table II below. The measurements took place under standard laboratory conditions. 
Subjective Testing
The fabric drapability was assigned grades (Figure 1 ) from 1 (low drapability) to 5 (excellent drapability). These five drapability grades were used to define the drapability of a given textile material as represented in Figure 1 . When evaluating on the basis of pictorial representation, various evaluators expressed different standpoints regarding the pre-determined criteria of quality grade that was evaluated. It is therefore essential for the chosen ranking panelists to have some background and knowledge of textiles to facilitate better understanding of the ranking drape grade. A total of 30 male and female students were trained prior to the actual testing. The students were conversant with textiles and clothing by virtue of their current training in textile-related courses.
Analytical Method Test Results from the FAST System
The descriptions of the fabric surface characteristics evaluated by the FAST system are given in Table II above. The mechanical properties of denim and linen fabric were evaluated by FAST (Fabric Assurance by Simple Testing) according to BS 3356-1961. The FAST variables, namely, bending rigidity, extensibility and formability are drawn from the internal formulae as follows: These terms have also been defined in Table II above. The derived fabric mechanical property most closely related to the aspects of drapability properties under study is fabric formability in the warp and weft direction.
Artificial Neural Network Construction
As illustrated in Figure 2 , a back-propagation network of three layers, namely the input layer, the hidden layer, and the output layer, was used. A total of 20 samples were considered for training of the network. Of these, 7 physical factors shown in Table  III were regarded as the training input vector, with their drape properties producing the learning target data. The physical factors and sensory factor results pertaining to the last 20 samples served as query inputs and outputs, respectively. The non-linear transfer function used is the sigmoid function
The values of the function vary between 0 and 1 for the input layer, while the hyperbolic tangent sigmoid (tagsig) transfer function was used on the hidden layer according to the following formula: In order to attain output values greater than 1, a linear transfer function was used on the output layer. In computing the change in weight between the hidden and the output layers the generalized delta-learning rule was used.
The aim of network learning is to reduce the delta between the target value and the predicted value. The quality of learning, which is the error vector, is evaluated by the following equation:
where E is the error vector; Tj is the output layer target value; and Yj is the output layer prediction value at node j. To minimize the value of the energy function, the steepest gradient descent entry point method was used. The optimal data convergence after network training was obtained under these conditions.
In the supervised network learning process, the degree of convergence can be expressed in terms of the root-mean-square error (MSE) from the following relationship:
where n is the number of units processed by the output. The MSE value varies from 0 to 1. If the MSE converges to less than 0.1, a good result is obtained.
RESULTS AND DISCUSSION Correlation Analysis
The use of a correlation analysis will provide a means of drawing inferences about the strength of the relationship between the variables. It is used to get a measure of the degree to which the values of these variables vary and to provide a quantitative index of the degree to which one variable can be used to predict another. A linear correlation, denoted by r, measures the strength of linear relationship between two variables for a sample and is calculated by:
Where the sum of squares SS is defined as follows:
The graphs in Figure 3 are the resultant least square lines or curve-fits constructed using the sets of data on the drapability-formability and on the warp and weft directions, where a polynomial approximation assuming a linear relationship between each of these set groups was used. An evaluation of the correlation coefficient according to Eq (5), on these fitted curves results in the following correlations for the warp and weft directions, respectively:
(a) The correlation between the formability on the weft direction and drapability was 0.892 (b) The correlation between the formability on the warp direction and drapability was 0.886
In general, the above results of the correlation coefficient between the FAST measured fabric surface characteristics and the subjectively analyzed drapability parameters showed that the expected relationship between them exists. A high correlation coefficient between the subjectively determined fabric drapability and the assigned surface characteristics was also observed. From these two correlations curves the inference may be drawn that firm with low formability, whose weave structure is tight, will not bend easily and therefore will have low drapability.
Backpropagation Analysis
A three-layer neural network consisting of a sevenneuron input layer, a fourteen-neuron hidden layer, and a one-neuron output layer was adopted in this backpropagation. The network was trained for a function approximation that is a nonlinear regression and an application of the steepest descent-training function to the neural network, with 0.05 as a learning rate. A momentum term of 0.5 was used. During training, the weights and biases of the network were iteratively adjusted to minimize the performance of the network. The default performance function for feedforward networks is the mean square error (MSE) -the average squared error between the network outputs and the target outputs. The neural network learning model is in accordance with the experimental data of seven inputs and one output, descriptions of which are listed in Table III. A correlation coefficient was designed for better and more objective visualization of the effectiveness of the model.
A plot of the predicted data versus the evaluated values of drapability is shown in Figure 4 . The correlation coefficient, r, between the predicted and evaluated values is used to judge the quality of the prediction. The value of correlation coefficient was high (r = 0.86) indicating that the predicted data agreed well with the evaluated values. 
CONCLUSION
In this study, fabric drapability is predicted by using neural network based on surface mechanical properties at low stress, particularly fabric formability. On the basis of the above relationship, it is possible to obtain quantitative information on changes in fabric drape by measuring changes in the relevant fabric properties using the FAST system and fabric mechanical properties. The correlation analysis revealed a strong correlation between subjective drape properties and measured formability. It is therefore concluded that a promising application of neural network for predicting one of the aesthetic properties from the physical factors of fabric has been presented. From the above analysis it was found that the physical factors of medium to heavy woven fabrics can be used to predict drapability property of the fabric. It is therefore concluded that a neural network model that has been developed which can http://www.jeffjournal.org Volume 13, Issue 3 -2018 predict this drape characteristic of aesthetic. The developed intelligent system can be used in engineering predictions and designing high-quality garments, while at the same time it offers important data required to obtain the desired garment appearance. 
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